The Association between Myocardial Perfusion Scan and Electrocardiographic Findings among Patients with Myocardial Ischemia by Farahani, Behzad et al.
The Association between Myocardial Perfusion 
Scan and Electrocardiographic Findings among 
Patients with Myocardial Ischemia 
Behzad Farahani 1, Ramin Skandari 1, Mohammad Amin Abbasi 
1,*, Sepideh Aghalou 2, Sepehr Gohari 3, Amir Hossein Heydari 3, 
Mehrdad Farahani 4
1 Assistant Professor, Department of Medicine, Iran University of Medical Sciences, 
Tehran, Iran
2 MSc, Department of Medicine, Firoozgar hospital, Iran University of Medical 
Sciences, Tehran, Iran
3 MSc Student, Department of Medicine, Zanjan University of Medical Sciences, 
Zanjan, Iran
4 MSc Student, Department of Medicine, Shaheed Beheshti University of Medical 
Sciences, Tehran, Iran
* Corresponding author: Mohammad Amin Abbasi, Assistant Professor, Depart-
ment of Medicine, Iran University of Medical Sciences, Tehran, Iran. E-mail: amin.
abbasi1314@gmail.com
Abstract
Introduction: The aim of this study was to determine the consistency of 
Electrocardiography (ECG) and myocardial perfusion scan findings of patients with 
myocardial ischemia at Firoozgar and Hazrat-Rasool hospitals.
Methods: Electrocardiogram of 80 patients undergoing myocardial perfusion scans was 
analyzed. All patients had a stable angina. All patients with bundle branch blocks and 
history of MI and coronary bypass or angiography were excluded. Overall, 120 patients 
were evaluated with single photon emission tomography/myocardial perfusion imaging 
for ischemia and 80 patients had a positive test.
Results: Forty-five percent of patients were female and 55% were male. The average 
age of patients was 61.48 years. Sixty-one patients (76.25%) had normal ECG and 19 
patients (23.75) had pathological changes in their ECG. Eleven patients had ST segment 
depression and 6 patients had T wave inversion. Furthermore, 21 patients (26.25%) had 
lateral wall ischemia in their myocardial perfusion scan and 13 (16.25%) patients had 
septal wall ischemia. The ECG changes in male patients and hypertensive cases were 
more prominent.
Conclusions: This study showed that ST-T changes (ST depression and T inversion) in 
the ECG are more suggestive of accuracy of myocardial ischemia and ECG.
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Coronary Artery Disease (CAD) is one of the most import-
ant leading causes of death in almost all communities. Myo-
cardial Infarction (MI) is one of CAD manifestations and 
can be detected by a cardiologist as the first manifestation 
[1]. Recognition of Myocardial Infarction (MI) is by clin-
ical manifestations, such as Electrocardiographic (ECG) 
findings, alteration in values of myocardial cell-specific 
biomarkers, which are released in plasma after necrosis and 
different imaging methods [1]. Single Photon Emission To-
mography/Myocardial Perfusion Imaging (SPECT/MPI) 
has become the cornerstone of the follow up imaging meth-
od in patients with suspected CAD and proved CAD. Fur-
thermore, SPECT/MPI is used for detection of myocardial 
perfusion defects after stress exertion, which can determine 
the suitable management approach and can help in classifi-
cation of patients according to their risk [2].
Cardiac electrical activity produces a current through the 
body, which can be recorded on the surface of the body by 
an electrocardiogram as an Electrocardiography (ECG). At 
first, ECG records were only able to show the electrical ac-
tivity in the vertical plane by defining the difference in the 
voltage between arms and the left leg known as the limb 
system. With further developments, the precordial unipolar 
lead system was added to the limb system, and provides in-
formation about cardiac electrical activities in the horizon-
tal plane [3, 4]. The augmented unipolar limb leads aVR, 
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aVL, and aVF, use one of the limb electrodes as their pos-
itive pole and combination of inputs from other two limb 
electrodes (Goldberger’s central terminal) as negative pole 
[5]. The combination of these three systems resulted in a 
12-lead ECG, which became one of the standard non-inva-
sive diagnostic tools in the medical fiel [6]. Electrocardio-
graphic findings, such as ST segment depressions, inverted 
T waves, and pathological Q waves are some of the ECG 
uses for diagnosis of ischemia [7, 8]. There are limitations 
in the use of ECG in patients with CAD, especially in sta-
ble and asymptomatic patients. Moreover, in patients with 
acute coronary syndrome, ECG has a high diagnostic accu-
racy only for non-ST segment elevation MI [9]. The aim of 
this study was to determine the correlation of SPECT/MPI 
and ECG findings and compare the accuracy of these two 
diagnostic methods.
METHODS
The study population comprised of patients, who under-
went myocardial perfusion scan at Firouzgar and Haz-
rat-e-Rasool hospitals in 2015. After obtaining approval 
from the ethics committee and written consent of the pa-
tients, all of the collected information was analyzed confi-
dentially. The Helsinki ethical principles were considered 
for all the people in the project. Patients, who underwent 
myocardial scan perfusion in these two hospitals and their 
report resulted in myocardial ischemia, were included in 
this study and their ECGs were assessed. Patients with a 
presence of artifact in their ECG or perfusion scan or past 
medical history of coronary bypass surgery, bundle branch 
block, angioplasty, and myocardial infarction were exclud-
ed from the study. Moreover, the demographic and history 
of the cardiovascular disease risk factors were included in 
the checklist. Sampling was continued until the required 
sample size was reached. After determination of the study 
sample size, the information of the perfusion scan and ECG 
reports in addition to patients’ records were included in 
the checklist. Changes in the ECG records were matched 
with the involved cardiac wall in the perfusion scan. Due 
to the study variables, the required data were extracted by 
the researcher from the patients’ records and perfusion scan 
and the ECG report available in the archive of the hospitals 
and included in the checklist, which was designed for this 
purpose. In case of incomplete patients’ records, data were 
collected by contacting the patient by phone.
Statistics
The perfusion scan sensitivity and specificity was calculated 
as 84.2% and 78.7%, respectively, in females, and 89.1% and 
71.2% in males, and the prevalence of CAD was 6.5% [10]. 
The sample size was calculated as 94 subjects in each group 
considering α = 5%.  All data were presented as mean ± SD 
for quantitative variables and were summarized by frequency 
(percentage) for categorical variables.
RESULTS
A total of 120 patients were studied in this research, 
which was intended for assessing the correlation between 
SPECT/MPI results and ECG results in Firoozgar and 
Hazrat-e-Rasool hospitals, Tehran, Iran. Eighty of 120 
patients had positive SPECT/MPI results and their ECG 
results were then observed. Furthermore, 45% of patients 
were female and 55% were male. Average age of patients 
was 61.48 ± 12.43 years old. The average age of males was 
59.07 ± 14.41 years and for females this was 64.20 ± 12.43 
years. Average Body Mass Index (BMI) was 24.41 ± 3.48 
kg/m2, and 29.2% of patients were smokers and 10.8% had 
a history of smoking. Sixty percent had no history of smok-
ing. Forty-five percent of involved patients had diabetes, 
65% had hypertension, 24% had dyslipidemia, and 19% 
had a history of CAD (Table 1).
Table 1: Patient Characteristics
N = 80
Male 44 (55%)
Age (years), Mean ± SD 61.48±12.43




 history of coronary artery
disease
15 (19%)
BMI (kg/m2), Mean ± SD 24.41 ± 3.48
Abnormal  ECG 19 (23.7%)
Ninety of 80 patients with positive SPECT/MPI had ECG 
changes. All the patients with negative SPECT/MPI had nor-
mal ECG. Therefore, the sensitivity, specificity, and negative 
and positive predictive value of ECG for detection of CAD 
were 23.5%, 100%, 100% and 39.6%, respectively. The most 
involved walls of the heart were lateral and septal walls, ac-
cording to the SPECT/MPI results (Table 2), and the most 
ECG changes were ST-depression (Tables 3 and 4) There was 
no correlation between site of ischemia in SPECT/MPI and 
involved leads in ECG.
Table 2: Abundance of Single Photon Emission Tomography/
 Myocardial Perfusion Imaging Changes According to their
Involved Walls and Intensity of Ischemia
 Wall Type Sever Moderate Mild
Anterior wall (n=6) - - 6
Lateral wall (n=21) - - 21
Septal wall (n=13) - - 13
Inferior wall (n=3) - - 3
Posterior wall (n=0) - - -
Anterior+ lateral wall (n=6) - - 6
Anterior + septal wall (n=18) - - 18
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Male Female Diabetes Smoking Dyslipidemia CAD history Hypertension
ST-elevation (2 patients)
aVR - - - - - - - -
V5,V6 - - - - - - - -
V1,V2 or V3 and V4 2 1 1 1 2 2 1 1
I,AVL - - - - - - - -
II,III,aVF - - - - - - - -
ST-depression (11 patients)
aVR - - - - - - - -
V5,V6 - - - - - - - -
V1,V2 or V3 and V4 4 2 2 1 2 2 2 2
I,AVL 3 2 1 2 2 2 1 2
II,III,aVF 4 4 - - 1 2 2 2
T inversion (6 patients)
aVR - - - - - - - -
V5,V6 1 1 - - 1 1 - -
V1,V2 or V3 and V4 - - - - - - - -
I,AVL 3 2 1 1 2 1 3 3
II,III,aVF 2 2 - 2 1 1 1 1
Abnormal Q wave( 0 patient)
aVR - - - - - - - -
V5,V6 - - - - - - - -
V1,V2 or V3 and V4 - - - - - - - -
I,AVL - - - - - - - -
II,III,aVF - - - - - - - -
Total patients (%) 14(74) 5(26%) 7(37%) 11(58%) 11(58%) 10(53%) 11(58%)
Table 4: Abundance of Types of Electrocardiography Changes According to Involved Heart Wall in Single Photon Emission Tomogra-
phy/Myocardial Perfusion Imaging
Involved wall Leads Anterior Lead Lateral Lead Septal Lead Inferior Lead
ST-elevation
aVR - - - -
V5,V6 - - - -
V1,V2 or V3, V4 1 1 1 -
I,AVL - - - -
II,III,AVF - - - -
ST-depression
aVR - - - -
V5,V6 - - - -
V1,V2 or V3, V4 3 4 - -
I,AVL 3 - 3 -
II,III,AVF 4 - 5 -
T wave inversion
aVR - - - -
V5,V6 - 1 1 1
V1,V2 or V3, V4 - - - -
I,AVL 2 1 3 1
II,III,AVF 2 2 - -
Abnormal Q wave
aVR - - - -
V5,V6 - - - -
V1,V2 or V3, V4 - - - -
I,AVL - - - -
II,III,AVF - - - -
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DISCUSSION
Precise non-invasive study of ischemia existence and its ex-
tent, and Coronary Arteries Disease (CAD) intensity can be 
beneficial for avoidance of invasive actions and angiography. 
As a result myocardial perfusion scan instantly after chest pain 
initiation in patients with CAD risk factors is recommended 
[11]. Furthermore, SPECT/MPI is an accepted method for 
determination of treatment and intervention in addition to its 
predictive value [2]. In previous studies, it was shown that the 
most common changes in ECG of patients with chronic CAD, 
are changes in T and ST segments. Amount of these changes 
is relevant to severity of patients’ cardiac diseases history. Also, 
normal and long-term changeless ECG is the best predictor 
of these patients’ prognosis. In addition, existence of left ven-
tricle hypertrophy in ECG is an indicator for poor prognosis 
in patients with CAD. Because of this, further evaluations are 
recommended in patients with hypertension and signs of left 
ventricle hypertrophy [12].
In a similar study on 257 patients with proven CAD by Far-
ham et al., patients’ ECG was evaluated for ST segment and 
T wave changes in AVL lead. They showed that ST-T segment 
changes in AVL lead and mid segment of LAD involvement 
are consistent [13]. The study of Kang et al. showed that max-
imum ST-segment depression doesn’t show the site of perfu-
sion defect. However, ST-segment elevation during exercise, 
which occurs occasionally, predicts myocardial ischemia site 
[14]. Regarding the results of the present study, most changes 
observed in the patients’ ECG with the presence of perfusion 
scan involvement was ST-segment depression and then T wave 
inversion. Given that our study patients were with stable an-
gina, this result was expectable. Also, the most involved area 
in perfusion scan results was lateral and septal wall. Saitoh et 
al. carried out a study to diagnose CAD with 12 lead ECG si-
multaneously with myocardial perfusion scan in patients with 
unstable angina. The results showed that in diagnosis of CAD, 
ischemic changes in the ECG during angina attack have high 
sensitivity and low specificity while, abnormal perfusion scan, 
has low sensitivity and high specificity. Therefore, they claimed 
that both the 12-lead ECG and perfusion scan are helpful in 
diagnosis of CAD in patients with unstable angina [15]. A re-
port by Weber et al. on 341 patients showed that ST-T segment 
changes in ECG has an important role in diagnosis of cardi-
ac ischemic disease. The sensitivity of ECG for diagnosis of 
myocardial ischemia in females was higher than males, and its 
specificity was higher in males [16]. According to this study 
and other similar studies, in patients with myocardial ischemia, 
ECG findings could be normal and this might suggest the need 
for complementary investigations. Also, the importance of 
the ST-segment and T wave changes in ECGs of patients with 
cardiac disease is more emphasized than ever.  Results of this 
study showed a significant difference between genders.
This study showed that ST-T changes (ST depression and T 
inversion) in the ECG are more suggestive of accuracy of myo-
cardial ischemia.
FUNDING
Authors declared there is no funding or support.
REFERENCES
1. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, 
White HD, et al. Third universal definition of myocardial in-
farction. Circulation. 2012;126(16):2020-35. DOI: 10.1161/
CIR.0b013e31826e1058 PMID: 22923432
2. Hachamovitch R, Rozanski A, Shaw LJ, Stone GW, Thomson LE, 
Friedman JD, et al. Impact of ischaemia and scar on the therapeu-
tic benefit derived from myocardial revascularization vs. medical 
therapy among patients undergoing stress-rest myocardial perfusion 
scintigraphy. Eur Heart J. 2011;32(8):1012-24. DOI: 10.1093/eu-
rheartj/ehq500 PMID: 21258084
3. Waller AD. A Demonstration on Man of Electromotive Changes ac-
companying the Heart’s Beat. J Physiol. 1887;8(5):229-34. PMID: 
16991463
4. Sanderson JB, Page FJM. Experimental Results Relating to the 
Rhythmical and Excitatory Motions of the Ventricle of the Heart 
of the Frog, and of the Electrical Phenomena Which Accompa-
ny Them. Proc Roy Soc Lond. 1878;27(185-189):410-4. DOI: 
10.1098/rspl.1878.0068 
5. Goldberger E. The aVl, aVr, and aVf leads. Am Heart J. 
1942;24(3):378-96. DOI: 10.1016/s0002-8703(42)90821-4 
6. Bear L, Cuculich PS, Bernus O, Efimov I, Dubois R. Introduc-
tion to noninvasive cardiac mapping. Card Electrophysiol Clin. 
2015;7(1):1-16. DOI: 10.1016/j.ccep.2014.11.015 PMID: 
25784020
7. Kambara H, Kawashita K, Yoshida A, Kawai C, Tamaki N, Ishii Y, 
et al. Identification of patients with coronary artery disease using 
a scoring system of coronary risk factors, electrocardiography and 
myocardial perfusion imaging. Jpn Circ J. 1982;46(3):235-44. 
PMID: 7062554
8. Ghadrdoost B, Haghjoo M, Firouzi A. Accuracy of cardiogoniom-
etry compared with electrocardiography in the diagnosis of coro-
nary artery disease. Res Cardiovasc Med. 2015;4(1):e25547. DOI: 
10.5812/cardiovascmed.25547 PMID: 25785254
9. Huebner T, Goernig M, Schuepbach M, Sanz E, Pilgram R, Seeck A, 
et al. Electrocardiologic and related methods of non-invasive detec-
tion and risk stratification in myocardial ischemia: state of the art and 
perspectives. Ger Med Sci. 2010;8:Doc27. DOI: 10.3205/000116 
PMID: 21063467
10. Iskandar A, Limone B, Parker MW, Perugini A, Kim H, Jones C, et 
al. Gender differences in the diagnostic accuracy of SPECT myo-
cardial perfusion imaging: a bivariate meta-analysis. J Nucl Cardi-
ol. 2013;20(1):53-63. DOI: 10.1007/s12350-012-9646-2 PMID: 
23149886
11. Shoyeb A, Bokhari S, Sullivan J, Hurley E, Miesner B, Pia R, et al. 
Value of definitive diagnostic testing in the evaluation of patients pre-
senting to the emergency department with chest pain. Am J Cardiol. 
2003;91(12):1410-4. PMID: 12804725
12. Bonow RO, Mann DL, Zipes DP, Libby P. Braunwald’s Heart Dis-
ease: A Textbook of Cardiovascular Medicine. Germany: Elsevier 
Health Sciences; 2011.
13. Farhan HL, Hassan KS, Al-Belushi A, Sallam M, Al-Zakwani I. Diag-
nostic Value of Electrocardiographic T Wave Inversion in Lead aVL 
in Diagnosing Coronary Artery Disease in Patients with Chronic 
Stable Angina. Oman Med J. 2010;25(2):124-7. DOI: 10.5001/
omj.2010.33 PMID: 22125714
14. Kang X, Berman DS, Lewin HC, Miranda R, Agafitei R, Cohen I, et 
al. Comparative localization of myocardial ischemia by exercise elec-
trocardiography and myocardial perfusion SPECT. J Nucl Cardiol. 
2000;7(2):140-5. PMID: 10796003
15. Saitoh M, Hasegawa K, Hasegawa K, Kondoh T, Yanagawa T. Detec-
tion of coronary artery disease using 12-lead electrocardiogram and 
simultaneous dual myocardial imaging with iodine-123-beta-meth-
yl iodophenyl-pentadecanoic acid (BMIPP) and thallium-201 in 
patients with unstable angina. Intern Med. 1995;34(11):1064-70. 
PMID: 8774965
16. Weber S, Birkemeyer R, Schultes D, Grewenig W, Huebner T. 
Comparison of cardiogoniometry and ECG at rest versus myo-
cardial perfusion scintigraphy. Ann Noninvasive Electrocardiol. 
2014;19(5):462-70. DOI: 10.1111/anec.12151 PMID: 24612044
